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SYSTEM AND METHOD FOR ALLOCATING BANDWIDTH IN A 

NETWORK NODE 

FIELD OF THE INVENTION 

The present invention relates generally to telecommunications systems 
and, more particularly, to a system and method for allocating bandwidth in a 
network node. 

BACKGROUND OF THE INVENTION 

An Asynchronous Transfer Mode (ATM) is a switching and multiplexing 
technique designed for transmitting digital information, such as data, video, 
and voice, at high speed, with low delay, over a teleconununications network. 
The telecommurucations network, for example an ATM network, includes a 
number of switching nodes coupled through communication lirJcs. In the ATM 
network, bandwidth capacity is allocated to fixed-sized data units named 
"cells." The communication links transport the cells from a switching node to 
another. These communication lir\ks can support many virtual connections, 
also named channels, between the switching nodes. The virtual cormections 
assure the flow and delivery of information contained in the cells. 

Each cell contains a cell header and cell data. The cell header includes 
information necessary to identify the destination of that cell. The components 
of the cell header include, among other things, a Virtual Channel Identifier 
(VCI) and a Virtual Path Identifier (VPI), for collectively identifying an ATM 



connection for that particular cell, and a Payload Type Identifier (PTI), for 
indicating whether the cell is sent from one user to another, whether cell data 
refers to adnunistration or management traffic, and whether congestion is 
present within the network. 

The ATM Forum, which is a user and vendor group establishing ATM 
standards, has also defined several ATM class of service categories, used in 
characterization of a virtual cormection, for example, (1) a Constant Bit Rate 
(CBR), which supports a constant or guaranteed rate to transport services, such 
as video or voice, as well as circuit emulation, which requires rigorous timing 
control and performance parameters; (2) a Variable Bit Rate (VBR), real time 
and non real time, which supports variable bit rate data traffic with average 
and peak traffic parameters; (3) an Available Bit Rate (ABR), which supports 
feedback to control the source rate in response to changed characteristics in the 
network; and (4) an Unspecified Bit Rate (UBR). 



SUMMARY OF THE INVENTION 

A system and method for allocating bandwidth in a network node are 
described. Multiple data imits are received along a plurality of virtual 
connections in a network, each virtual connection having a predetermined unit 
rate. The data units are subsequently stored. Finally, a data urut of the stored 
data units having a data unit rate higher than the predetermined unit rate of 
each virtual connection is transmitted at predetermined time intervals. 

Other features and advantages of the present invention will be apparent 
from the accompanying drawings and from the detailed description that 
follows. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not limitation 
in the figures of the accompanying drawings, in which like references indicate 
similar elements and in which: 

Figure 1 is a block diagram of one embodiment of a network. 

Figure 2 is a block diagram of one embodiment of a network node within 
the network. 

Figure 3 is a block diagram of one embodiment of a line card within the 
network node. 

Figure 4 is a block diagram of one embodiment of a memory module 
within the line card. 

Figure 5 is a flow diagram of one embodiment of a method for allocating 
bandwidth in a network node. 

Figure 6 is a flow diagram of one embodiment of a method for reducing 
the delay in transmission of data in a network node. 



DETAILED DESCRIPTION 

According to embodiments described herein, a system and method for 
allocating bandwidth in a network node are described. The following 
discussion is presented in the context of an Asynchronous Transfer Mode 
(ATM) network. It should be understood that the present invention is not 
limited to ATM networks and may be implemented with other types of 
networks. 

Figure 1 is a block diagram of a network. As illustrated in Figure 1, in 
one embodiment, network 100 includes several network nodes 110 connected 
through single conununication links 120. In one embodiment, network 100 is a 
data transmission network with guaranteed bandwidth and quality of service, 
for example an Asynchronous Transfer Mode (ATM) network. 

In one embodiment, network nodes 110 are located in the middle of the 
network 100. Alternatively, nodes 110 may also be located at the edges of the 
network 100. Users 130 access the network 100 and connect to the network 
nodes 110 via similar commurucation links 120. In one embodiment, the 
illustrated communication links 120 support multiple virtual connections. 

Figure 2 is a block diagram of a network node within network 100. As 
illustrated in Figure 2, in one embodiment, network node 110, for example an 
ATM switching node, receives information, such as data, along multiple input 
virtual connections 210 within communication link 120. In one embodiment, 
only two virtual connections 210 are illustrated. Alternatively, several virtual 



connections 210 may transport information to the switching node 110. In one 
embodiment, the information transnnitted along virtual connections 210 is 
incorporated in communication cells. In one embodiment, the cells used to 
transmit information are data cells. Alternatively, transmitted cells may 
include other types of cells, for example control cells. 

In one embodiment, switching node 110 receives data along input virtual 
connections 210 and transfers data to a line card 220 described in detail below. 
Line card 220 is further coupled to multiple output virtual connections 230 and 
facilitates transnussion of data along the output virtual connections 230 to a 
destination node 110. In one embodiment, two output virtual connections 230 
are illustrated. Alternatively, multiple output virtual connections 230 may 
transmit cells to destination node 110. 

Figure 3 is a block diagram of a line card within network node 110. As 
illustrated in Figure 3, in one embodiment, line card 220 includes a memory 
module 310 and a scheduler module 320, coupled to the memory module 310. 
In one embodiment, the memory module 310 stores cells received along the 
multiple virtual connections 120. 

In one embodiment, the scheduler module 320 monitors transmission of 
data and selects stored cells to be transmitted along the output virtual 
connections 230. As further illustrated in Figure 3, in one embodiment, 
scheduler module 310 includes a table 330 for storing a predetermined cell rate 
of each input virtual connection 210 and for ordering the input virtual 
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connections 210 in descending order based on their corresponding cell rate. In 
one embodiment, the cell rate of the fastest input virtual connection 210 is 
stored in a first position within the table 330. The memory module 310 and the 
scheduler module 320 will be described in further detail below. 
5 Figure 4 is a block diagram of a memory module within the line card 220. 

As illustrated in Figure 4, in one embodiment, memory module 310 includes 
multiple service groups 420 containing buffers 430 for storing the cells 
transmitted along the input virtual connections 210. Each buffer 430 within 
each service group 420 corresponds to one ATM class of service category used 
10 in the characterization of each virtual connection 210, for example CBR, VBR, 
ABR, or UBR. 

Cells arriving along input virtual connections 210 into the network node 
110 are identified based on their respective ATM header, which includes the 
VPI and VCI. In one embodiment, each cell is classified based on its 

15 corresponding ATM header and a corresponding service group 420 is 
determined. The cell is then stored in a buffer 430 corresponding to the 
determined service group and class of service category. 

In one embodiment, scheduler module 320 selects service groups 420 and 
buffers 430 and retrieves cells according to predetermined maximum service 

20 rates for each service group. The service rates are programmed with an Inter 
Cell Gap (ICG) parameter, which specifies the minimum time gap between 

r 

successive departures of cells. 



7 



In order to transmit the stored cells along the output virtual connections 
230, service groups 420 must be selected and cells must depart from the service 
groups at scheduled times. The scheduling of service groups 420 uses a 
Theoretical Departure Time (TDT) variable parameter attached to each service 
group 420. The TDT parameters for service groups 420 are fixed in a time scale 
and spaced by their corresponding ICG. The scheduler module 320 uses the 
ICG to calculate the next TDT parameter of each service group 420 for a future 
selection. If the TDT parameter of a service group 420 is less than or equal to a 
current time counter on the time scale, then the service group 420 is eligible to 
release cells to be transmitted on an output virtual connection 230. 

The scheduler module 320 also monitors the number of cells available 
within each service group 420. With each arrival of cells, a cell counter for each 
service group 420 is incremented. With each selection of a service group 420, 
after cells depart the service group, the cell coimter is decremented. If the TDT 
parameter for a service group 420 is less than or equal to the current time 
counter, cells may depart the selected service group 420, provided that the 
corresponding cell counter is not zero, showing an empty service group 420. 

At a predetermined selection time, more than one service groups may be 
eligible and thus contending for selection of a service group. In one 
embodiment, the scheduler module 320 selects the service group 420 having the 
lowest TDT parameter on the time scale among all the eligible service groups. 
However, in this approach, fast service groups could loose bandwidth while 
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slow service groups, having TDT parameters far behind the current time 
counter, are serviced consecutively. 

In one embodiment, the scheduler module 320 selects one service group 
from the eligible service groups 420 based on the cell rate of the corresponding 
input virtual connection 210. Scheduler module 320 selects the service group 
420 based on the highest cell rate in the table 330. In a line card 220, the fastest 
input virtual connection 210 is serviced first among the eligible ones and, thus, 
the slower virtual connections 210 are subsequently serviced in descending 
order of their cell rate. 

In one embodiment, cells must depart from buffers 430 at scheduled 
times. The scheduling of buffers 430 within the selected service group 420 uses 
a Theoretical Departure Time (TDT) variable buffer parameter attached to each 
buffer 430 within the corresponding service group 420. The TDT variable 
buffer parameters for the buffers 430 are fixed in a time scale and spaced by 
their corresponding ICG. The scheduler module 320 uses the ICG to calculate 
the next TDT buffer parameter value of the buffer 430 for a future selection. If 
the TDT parameter of a buffer 430 is less than or equal to a current time counter 
on the time scale, then that buffer 430 is not meeting its minimum bandwidth 
requirements and becomes eligible to release cells to be transmitted on an 
output virtual connection 230. 

The scheduler module 320 also monitors the number of cells available 
within each buffer 430. With each arrival of cells, a cell counter within the 



buffer 430 is incremented. With each selection of a buffer 430, after cells depart 
the selected buffer, the cell counter of the buffer 430 is decremented. If the TDT 
buffer parameter is less than or equal to the current time counter, cells may 
depart the selected buffer 430, provided that the corresponding cell coimt is not 
zero, showing an empty buffer 430. 

At a predetermined selection time, more than one buffers 430 may be 
eligible and thus contending for selection. 

In one embodiment, the scheduler module 320 selects the buffer 430 
having the lowest TDT buffer parameter on the time scale to be serviced first. 
The remaining buffers 430 are subsequently serviced based on their 
corresponding TDT buffer parameters. In this embodiment, after the buffer 430 
is selected, its corresponding TDT buffer parameter is updated with its specific 
ICG in preparation for the next selection of a buffer 430 to be serviced. 

If the selected buffer 430 releases a cell, and has no stored cells to be 
transmitted, then it becomes inactive for a period of time. If a buffer is inactive 
for a period of time, its corresponding TDT buffer parameter will fall behind 
the current time coimter. In one embodiment, after each subsequent selection 
of a buffer 430, the TDT buffer parameter of an empty buffer 430 is updated and 
receives the value of the current time. However, other eligible active buffers 
may have TDT buffer parameters lower than the current time counter, and, as a 
result, will be subsequently eligible to be selected to release cells. Therefore, the 
empty buffer having the TDT buffer parameter equal to the current time will 
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suffer a severe service delay lag time when it becomes active again, because it 
will have to wait for all active buffers having TDT buffer parameters lower than 
the current time counter to be serviced first. 

In one embodiment, the scheduler module 320 updates the 
corresponding TDT buffer parameter of an empty buffer 430 while the buffer is 
inactive. In order to avoid a service delay for this empty buffer 430, when the 
buffer becomes active and receives cells, after a subsequent active buffer 430 is 
selected and cells are scheduled to depart, if the TDT buffer parameter of the 
empty buffer 430 is lower than the TDT buffer parameter of the selected buffer, 
then the TDT buffer parameter of the empty buffer is updated with the TDT 
parameter value of the selected buffer. Simultaneously, the TDT buffer 
parameter of the selected buffer is updated with its corresponding ICG. This 
method allows the empty buffer to compete for selection with all eligible active 
buffers, at the time the empty buffer becomes active again. 

Otherwise, in an alternate embodiment, if the TDT buffer parameter of 
the empty buffer is greater than the TDT buffer parameter of the selected 
buffer, then no further update is performed. 

Figure 5 is a flow diagram of one embodiment of a method for allocating 
bandwidth in a network node. According to Figure 5, at processing block 510, 
data units, for example cells, are received along multiple input virtual 
connections in a network, each input virtual connection having a 
predetermined unit rate, for example a predetermined transmission cell rate. 
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At processing block 520, the data units received are stored in multiple 
buffers within a memory module. In one embodiment, cells are classified based 
on their respective ATM header and stored in buffers corresponding to the 
predetermined cell rate of the input virtual connection along which each cell 
was transmitted. In one embodiment, the transmission cell rate of each virtual 
connection is stored in a table and each virtual connection is ordered in 
descending order based on its respective cell rate. 

At processing block 530, service groups eligible for release of data units 
are determined. In one embodiment, the determination of eligible service 
groups uses a TDT parameter attached to each service group. If the TDT 
parameter of a specific service group is lower than or equal to a current time 
counter on the time scale, then that service group is eligible to release data 
uruts. 

At processing block 540, a service group having the highest unit rate is 
selected. In one embodiment, one service group is selected from all eligible 
service groups based on the cell rate of the virtual connections. The service 
group corresponding to the virtual connection having the highest cell rate is 
selected. 

At processing block 550, buffers eligible to release data units are 
determined within the selected service group. At processing block 560, a buffer 
storing data uruts or cells to be transmitted is selected among the eligible 
buffers within the selected service group. 
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At processing block 570, a data unit from the selected buffer is 
transmitted along an output virtual connection. In one embodiment, the 
selected buffer within the service group corresponding to the fastest input 
virtual connection is serviced first and its TDT buffer parameter is then updated 
for the next selection. 

Figure 6 is a flow diagram of one embodiment of a method for reducing 
the delay in transmission of data in a network node. According to Figure 6, at 
processing block 610, each buffer and its stored data units or cells are 
monitored. 

At processing block 620, a buffer eligible to be serviced is selected. In 
one embodiment, selected eligible buffers release cells and become inactive if 
they run out of stored cells to transnnit. 

At processing block 630, a decision is made whether any one of the 
buffers is empty and does not have any stored cells. If an empty buffer exists, 
at processing block 640, a decision is made whether the TDT parameter of the 
empty buffer is lower than the TDT parameter of the selected buffer to be 
serviced. If the TDT parameter of the empty buffer is lower than the TDT 
parameter of the selected buffer, then the TDT parameter of the empty buffer is 
updated with the TDT parameter value of the selected buffer at processing 
block 650. Subsequently, at processing block 660, the TDT parameter of the 
selected buffer is updated with the value of the Inter Cell Gap (ICG) to a value 
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TDT' = TDT + ICG on the time scale and processing blocks 630 through 660 are 
repeated. 

Otherwise, if the TDT parameter of the empty buffer is greater than the 
TDT parameter of the selected buffer, at processing block 670, no update of the 
TDT parameter of the empty buffer is necessary and the procedure continues 
with processing block 660. 

If no empty buffers exist, at processing block 680, the TDT parameter of 
the selected buffer is updated with the value of the Inter Cell Gap (ICG) to a 
value TDT' = TDT + ICG on the time scale and processing blocks 610 through 
630 are repeated. 

It is to be understood that embodiments of this invention may be used as 
or to support software programs executed upon some form of processing core 
(such as the CPU of a computer) or otherwise implemented or realized upon or 
within a machine or computer readable medium. A machine readable medium 
includes any mechanism for storing or transmitting information in a form 
readable by a machine (e.g., a computer). For example, a machine readable 
medium includes read-only memory (ROM); random access memory (RAM); 
magnetic disk storage media; optical storage media; flash memory devices; 
electrical, optical, acoustical or other form of propagated signals (e.g., carrier 
waves, infrared signals, digital signals, etc.); or any other type of media suitable 
for storing or transmitting information. 
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In the foregoing specification, the invention has been described with 
reference to specific exeniplary embodiments thereof. It will, however, be 
evident that various modifications and changes may be made thereto without 
departing from the broader spirit and scope of the invention as set forth in the 
appended claims. The specification and drawings are, accordingly, to be 
regarded in an illustrative rather than a restrictive sense. 
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